Text S1: Bias-exchange metadynamics method
The BE-META metadynamics method (1) (2) (3) (4) (5) (6) was recently developed in order to accelerate simulations of rare events and to reconstruct the free energy landscape in protein folding (1, 2) and protein ligand-receptor interactions (3) . In the metadynamics simulation, the dynamics is performed in the space defined by a few collective variables (CVs) ( )
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 , which are assumed to provide the reaction coordinates of the system and are explicit functions of the system coordinates X  . The dynamics is driven by the free energy function 
where ( ) ( ) ( )
is the value taken by the CV at time t , w is the height and σ is the width of the Gaussians and τ is the time interval for adding the bias. The bias potential fills the minima along the free energy surface in time, promoting the system to efficiently explore the space defined by the CVs. Given a sufficient long time,
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In the BE-META approach, a large set of CVs is normally chosen to expect to find the accurate free energy landscape of the system. N replicas of MD simulations (walkers) are run in parallel, biasing each walker with a metadynamics bias acting on just one variable. In BE-META the sampling is enhanced by attempting at fixed time intervals of a few picoseconds, and the sampling swaps of the bias potentials between pairs of walkers. The swap is accepted with a probability ( ) . Each walker's trajectory evolves through the high dimensional free energy landscape in the space of the CVs, and it is sequentially biased by different low dimensional potentials acting on one CV at each time. The swaps greatly increase the replicas to diffuse in the CV space. The results of the simulation are N low dimensional projections of the free energy. The multi dimensional free energy landscape can be obtained through a weighted-histogram procedure by clustering the replica trajectories together.
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(1) More details of the BE-META simulation method can be found in the work by Laio and co-workers (1) (2) (3) (4) (5) (6) . In this study, three set of CVs has been selected as putative reaction coordinates to explore the conformational transition pathway of AdK: a) the angle LID-CORE 1 θ , b) the angle NMP-CORE 2 θ and c) the distance between group LID and NMP LN d , as shown in Figure 1 of . BE-META simulations were performed biasing each of three CVs on a different replica (plus one replica without any bias) for a total of 200 ns per replica, thus a total 800ns time scale per BE-META simulation in this study, as described in Table S1 . Simulations first equilibrate in NPT ensemble at 300K and 1 bar. After 1ns of equilibration, the barostat was removed and the BE-META simulation was started. The atomic coordinates were saved every 5ps and the energy saved every 0.05 ps. The BE-META simulations were performed with GROMACS (7, 8) plus PLUMED package (9) , and the results were analyzed using METAGUI (10) developed by Laio and co-works (1-6) on VMD program (11). firstly and then decreases further to ~20Å. The above results indicate that the LID domain is much flexible and can close rapidly at time scale of a few nanoseconds. Besides, the LID domain not only closes to the CORE domain, but also moves toward to the NMP domain, see Figure S1 (b Figure S3 . The above simulations starting from the open state without ligands show that the LID domain is much more flexible than NMP, able to be closed at the time scale ~10ns. There is one of the three simulations observed the NMP domain closed after the motions of LID, at the time scale ~100ns, but not as closed as the crystal conformation of 1AKE (as shown in Figure S2 at t=160ns). Interestingly, all of the three simulations observed the intermediate conformation that the LID domain not only closes to CORE domain, but also contacts well with the NMP domain (even with the NMP domain opening), as shown in the snapshots in Figure S1 (b) (also see Figure S2 (b) and Figure S3 Figure S4 shows the Simulation #C 1 results of the conformational evolution of AdK starting from the closed state without ligands. As shown in Figure S4  for fully open in the second step. After the fully opening of the NMP domain, the LID domain stays at the closed state and maintains the contact with the NMP domain, as Figure S4 (a). At time 400ns ~ 440ns, the LID domain opens again ( Figure S4 ). More importantly, the simulation shows that the NMP domain can re-close after its opening at a long time scale simulation. In Figure  S4 When starting from the closed state with both ATP and AMP, the structure is stabilized at the crystal closed conformation as expected, i.e. the angle 1 θ and 2 θ are stabilized around ~65  and ~30  , respectively, as shown in Figure S10 . However, after ~125ns simulation, the NMP domain presents a significant motion as the NMP-CORE angle 2 θ increases from ~30
Text S2: Conformational Transitions in

LT-MD simulations starting from the closed state without ligands
 to ~45
 in a few nanoseconds.
Text S3: The calculation of the transition rate constants
We estimated the transition rate constants based on Kramers' transition state theory (12) . We assumed that the diffusion coefficients are the same along the two reaction coordinates (i.e. 1 θ and 2 θ in Figure 5 and 6 of the manuscript), which can be estimated directly through the LT-MD simulations (13, 14) . As shown in Figure S0 , we define the rate constants of transition between the two states: k C k C = (S8) where 1 C and 2 C is the probability in State 1 and State 2, respectively. According to the Maxwell-Boltzmann distribution
is the difference in free energy between State 1 and State 2. Therefore, ( )
On the other hand,
Assuming that the energy well in State 1 and State 2 are harmonic types, while 
According to equation (S17) and (S18), we can calculate the transition rate constants. It should be noted that in real system the diffusion behavior could be anisotropy, and the diffusion coefficient should depend on the starting position (14) . But position-dependent diffusion coefficient will bring in too much complexity and errors for calculating the transition rates (1). Our treatment is to calculate the rates of transition between the two states, neglecting the position-dependence of diffusion coefficient.
Text S4: Calculation of proportion of different pathways
According to Hammes (1), the fractional flux through a given pathway is a precise measure of how much a transition proceeds through that path. For a serial transition pathway, the total flux can be calculated as
Where total F is the total flux through a specified serial pathway and ij F is the flux from state i to state j:
Where ij k is the transition rate constant from state i to state j, and i C is the concentration in state i, respectively. The proportion of the concentration in state i and j is related to their relative free energy
While in an equilibrium ensemble, the flux should balance between state i and j (also see eq. S8 in the method of the transition rate calculation in Supporting Materials), ij ji F F = (S22) The total flux of AdK's conformational transition starting from open to closed through a specified serial pathway, e.g., α β γ δ ξ → → → → in Figure 5C , can be calculated as
Similarly, the total flux of the reverse direction of the same pathway, i.e., ξ δ γ β α → → → → in Figure 5C , can be calculated as
For equilibrium ensemble, the flux between neighboring states satisfy
As a result, the proportion of the forward and backward transitions in the same pathway α β γ δ ξ → → → → is given:
The above result concludes that the proportion of the transitions in the forward and backward direction in the same pathway is identical the same.
In another word, we can calculate the proportion of the transitions between individual pathways. For AdK, one of the conformation transition pathways starting from open to closed state is that LID closes first and then NMP closes afterward, i.e., α β γ δ ξ → → → → . The flux through this pathway is
The other pathway is that NMP closes first and then LID closes afterward, i.e., α β ε ξ → → → . The flux through this pathway can be calculated as
Thus the proportion of the transitions between these two pathways is 1 1 5.7
The above result shows that the transition of AdK mainly follows the pathways that LID closes first and then NMP closes afterward, which is consistent with Esteban-Martin et al.'s experimental work for the case of unbound state (2). 
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